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Abstract 

Background—Few studies have investigated the combination of pregnancy complications that 

predict risk for cardiovascular disease (CVD) death and how risk changes with age.  This report 

presents a comprehensive investigation of the relation of the occurrence of multiple pregnancy 

complications to CVD death over 5 decades in a large pregnancy cohort.  

Methods and Results—We examined pregnancy events (1959-1967) and CVD death through 

2011 in 14,062 women from the Child Health and Development Studies.  CVD death was 

determined by linkage to California Vital Statistics and National Death Index.  Women were a 

median age of 26 years at enrollment and 66 years in 2011. Pre-existing hypertension (Hazard 

Ratio, (HR)=3.5; 95% Confidence Interval (CI)=2.4,5.1); glycosuria (HR=4.2; CI=1.3,13.1); 

late-onset pre-eclampsia (after week 34, HR=2.0; CI=1.2,3.5); and hemoglobin decline over the 

2nd and 3rd trimesters (HR=1.7; CI=1.2,2.7) predicted CVD death. Delivery of a small-for-

gestation or preterm infant and early-onset pre-eclampsia (by week 34) significantly predicted 

premature CVD death (p<0.05 for age dependence). Preterm birth combined with hemorrhage, 

gestational hypertension, or pre-existing hypertension identified women with a 4 to 7-fold 

increased risk of CVD death. Pre-eclampsia in combination with pre-existing hypertension 

conferred a significant nearly 6-fold risk compared to a 4-fold risk for pre-existing hypertension 

alone. 

Conclusions—We observed combinations of pregnancy complications that predict high risk of 

death and two new risk markers, glycosuria and hemoglobin decline. Obstetricians serve as 

primary care physicians for many young women and can readily use these complications to 

identify high-risk women to implement early prevention.   

 

 

Key words: cohort study; preeclampsia/pregnancy; hypertension, high blood pressure; 
cardiovascular disease risk factors; pregnancy 
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Introduction 

The demands of pregnancy require an extensive and coordinated maternal response involving 

multiple systems and substantial cardiovascular adaptation.  Pregnancy is characterized as a 

temporary state of metabolic syndrome accompanied by increased insulin resistance and 

hyperlipidemia.1 The cardiovascular system is also challenged as marked by the elevation of 

coagulation factors and by a doubling of blood volume.2 And despite the documented up-

regulation of white blood cells and other inflammatory markers such as C-reactive protein and 

interleukin-6, the immune system must strike a cooperative balance that allows placental 

implantation and facilitates fetal growth while maintaining protection for the mother. Pregnancy 

complications such as pre-eclampsia, gestational diabetes, gestational hypertension and delivery 

of a preterm or intra-uterine growth retarded infant provide signals about the mother’s 

cardiovascular coping mechanisms to the challenges of pregnancy. 

 Mounting evidence supports the link between pregnancy response and cardiovascular 

disease years later3-26 sustaining the notion that pregnancy offers opportunities for identifying 

women at risk early in their lives when it may be possible to alter their risk trajectory.1, 15, 16, 27, 28 

 Long-term cohort studies have provided evidence that either hypertension during 

pregnancy or the occurrence of pre-eclampsia (hypertension in the presence of proteinuria) 

predict a woman’s risk for cardiovascular disease.4, 5, 8, 9, 14, 19, 22, 26, 29, 30 Other pregnancy 

complications have also been investigated as CVD risk factors, including gestational diabetes,4, 29 

preterm delivery4, 7, 10 and delivery of a low birthweight or intra-uterine growth retarded infant.4, 

6, 18, 24 However, few studies, including our own, have investigated the combination of pregnancy 

complications that confer high risk, and whether they predict CVD early in life or later.  This 

report addresses the gap in the literature by presenting a more comprehensive investigation of the 

complications such as pre-eclampsia, gestational diabetes, gestational hypertensiononon aaandndnd dddelelelivivivererery 

of a preterm or intra-uterine growth retarded infant provide signals about the mother’s d

carddioioiovavavascscscululularaa  copopoping mechanisms to the challeengngngeees of pregnancy. 

Mountinnng gg eevvidididennncecece supupuppopoportrtrtss s thththe linknknk bbbetwweeeen prprpreeegnanananncncyy reeespsponononsee andndnd cccararrdididiovovovasasascuuulalalar r r 

diiiseses aasase yearrrsss lateeer33-26 ssuusu tainnninnng g g thhheee noootiiiono ttthahaat prregggnaaancnccy y ofofoffefefersrss ooopppppporrttuunitititiesess for iiiddedenttifffyyyinggg 

woowomememennn atatat rrrisisiskkk eaeaearlrlrly ininin tttheheheiririr llliviiveseses whehehennn ititit mmmaaay bebebe pppososossisisiblblbleee tototo aaaltltltererer thththeieieirrr riririsksksk tttrararajejejectctctororory.1, 1,, 15,15,, 1616, 2, 2, 7, 7,, 2828
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relation of the co-occurrence of multiple pregnancy complications to CVD death risk over 5 

decades in a large pregnancy cohort enrolled in the 1960’s. Our goal was to refine the risk 

spectrum in order to identify very-high-risk target groups for more intensive and early 

intervention, and to examine the effect of elevated levels of glycosuria and changes in 

hemoglobin during pregnancy on CVD risk. 

Methods

Study Design 

The Child Health and Development Studies (CHDS) was initiated in 1959 to investigate the 

prenatal determinants of pregnancy outcomes and child health and development.  The target 

population included all members of the Kaiser Foundation Health Plan residing in the East Bay 

of the San Francisco Bay Area.  Virtually all pregnant women (over 98%) receiving prenatal care 

from the Kaiser Health Plan at its clinics in Alameda County, California were recruited to the 

study.  In all, 15,528 women and their 19,044 live-born children were enrolled during the 7-year 

recruitment period from 1959 until 1966, with deliveries extending into 1967.31 The CHDS 

cohort incorporates multiple race/ethnic groups and is socioeconomically broadly based. 

Notably, the CHDS has always had a large representation of African-Americans (22%) due to 

the demographic shift that occurred during the “Great Migration” from the South to points North 

and West, including Oakland California.

 Pre-existing maternal conditions and incident pregnancy complications (6 months prior to 

and during pregnancy), clinical measures (e.g. prenatal and obstetric), and labor and delivery 

data were abstracted from medical records.  Demographic information, and health-related 

behavior were collected from in-person interviews for all pregnancies, generally early in the first 

prenatal determinants of pregnancy outcomes and child health and development.  ThThTheee tatatargrgrgetetet 

population included all members of the Kaiser Foundation Health Plan residing in the East Bay 

of thehehe SSSananan FFFrararancccisisisccoc  Bay Area.  Virtually all pregegegnananant women (over 98%8%8%) receiving prenatal care

frfrfrommm the Kaiser rr HHeHealallththth PPPlalalann n atatat iiitststs clilil nininicss in AAAllal meeddda CCCououountntnty,y,y, CCCalaa ifififorornininia wererere rrrecccrururuititi ededd to o o thththe ee

tttudududy.y.y.  In alllll,,, 15,,5, 2282 wwwoomo ennn anndn  theheheir 199,9 04444 livee-bbborrrnn cchililldrrrenene wwwerrreee eeenrrolllleeeddd duriririnngng thehe 7-yyyeaar 

eeecrcrcruiiuitmtmtmenenenttt pepeperiririododod fffrororommm 191919595959 untntntililil 111969696666, wiiwiththth dddeleleliviiverererieieiesss exeextetetendndndinininggg ininintototo 111969696777.3131 TTThehehe CCCHDHDHDSSS 
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trimester. Due to the uniform access to care, women received regular prenatal workups including 

assessment of weight, blood pressure, urine albumin and glucose, and hemoglobin and 

hematocrit during their pregnancies. Blood pressures were taken by clinic nurses using a 

standardized protocol.32 

The institutional review board of the Public Health Institute approved the study protocol 

and informed consent was obtained from all participants. 

Cohort Surveillance 

Surveillance  has continued for 5 decades by linkage to: 1) the California Department of Motor 

Vehicles, for a history of residence to identify the population at risk for morbidity and mortality, 

2) the California Department of Vital Statistics, for identifying deaths and cause of death,9, 33 and 

3) the California Cancer Registry, for identifying cancer diagnoses.34-37  

CHDS mothers are regularly matched to these sources using all of their known names 

(e.g. married and maiden) and addresses. The accumulation of a name and address history for 

each cohort member protects against establishing false matches and failing to identify true 

matches. Surveillance efforts routinely identify over 90% of CHDS mothers. Life table analyses 

estimating expected numbers of breast (unpublished) and testicular cancer cases34 show close 

comparability to observed numbers. Linkages to the National Death Index to evaluate the 

completeness of mortality surveillance have yielded very few missed cases. These quality control 

efforts affirm that our surveillance provides reliable and comprehensive coverage. 

Outcome

Results from linkage to the California Vital Status files were used to append year of death and 

underlying cause.  Since follow-up of the cohort spanned over 50 years, codes for the underlying 

cause of death from several ICD revisions were used to define cardiovascular disease (CVD) 

2) the California Department of Vital Statistics, for identifyif ng deaths and cause ofofof dddeaeaeaththth,,,9, 9, 9, 333333 aaand

3) the California Cancer Registry, for identifying cancer diagnoses.34-37 

CHCHCHDSDSDS mmmototothers are regularly matched too ttthehehese sources using alll oof ff their known names

eee.ggg. married annnddd mamaaidididenenen))) ananand d d adadaddrdrdresee sesesess. TTThehh  accumummulllatatatioioionnn ofoo aa namamameee anana d addddrdrdressss ss hihh ststtoroo y y y fofofor rr

eaaachchch ccohort t memm mbmbmber ppproootecttsss agagagainsnsnstt t eestaaablisisishhhing faaalseee mmmattchchchesss aaanndnd fffailllinng tttooo idii entttifyfyfy trrueee

mamamatctctchehehesss. SSSurrurveeveililillalalancncnceee efefeffofofortrtrtsss rororouttutinininelelely idididenenentititifyffy oooveeverrr 909090%%% ofofof CCCHDHDHDSSS momomothththererersss. LLLifififeee tatatablblbleee anananalalalyssyseseses 
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death, including  420.1 for ICD-7; 410 and 412 for ICD-8; 410, 411, 414 and 429 for ICD-9, and 

I21, I24 and I25 for ICD-10.9, 33

Pregnancy complications 

Due to the scope and breadth of the CHDS archive, multiple pregnancy complications were 

available for investigation including: pre-eclampsia, pre-existing hypertension, gestational 

hypertension, glycosuria, hemoglobin change during pregnancy, hemorrhage, and delivery of a 

preterm or small for gestational age (SGA) baby. These variables were coded as 1 for observed 

versus 0 for not observed for each CHDS pregnancy. 

Proteinuria was defined as a reading of >1 (0.5% or 300 mg/24 hours) on a urine dipstick. 

Blood pressure was measured as systolic over diastolic pressure in millimeters of mercury. Pre-

eclampsia was defined as any of the following occurring after 20 weeks of gestation:38, 39 two or 

more blood pressure readings of >140/90 mm Hg and proteinuria; or, two or more systolic 

readings >140 mm Hg and proteinuria; or, two or more diastolic readings of >90 mm Hg and 

proteinuria. Early onset pre-eclampsia was defined as occurring by the 34th completed week of 

pregnancy and late onset was defined as occurring after the 34th completed week.9 Preexisting 

hypertension was defined as one or more blood pressure reading(s) of >140/90 mm Hg before 20 

weeks of pregnancy or physician-coded hypertension from the medical record. Gestational

hypertension was defined as one or more blood pressure reading(s) of >140/90 mm Hg that 

developed after the 20th week of pregnancy and not accompanied by proteinuria. Preterm

delivery was defined as delivery before the 37th completed week of gestation. Small for 

gestational age (SGA) was defined as below the 10th percentile of the standardized (z-score) sex-

specific birthweight-for-gestation distribution for all CHDS births. Sex-specific birthweight-for-

gestation z-scores were calculated by subtracting the individual birthweight from the mean for 

Blood pressure was measured as systolic over diastolic pressure in millimeters offf mmmererercucucuryryry.. PrPrPree-e

eclampsia was defined as any of the following occurring after 20 weeks of gestation:38, 39 two or 

moreree bbblololoododod pppressssururure readings of >140/90 mm HgHgHg aaandnn  proteinuria; or, twowowo or more systolic 

eeeadddings >140 mmmmm HHHg gg anananddd prprprototot ieieinununuriririaaa; oor, tttwowowo or mmmoree e dididiasasastototoliiic reee dadadininingss of ff >>>909090 mmmm mm HHgHg aaandndnd  

prrrotototeieie nuria. EEEarlyyly oonseeet prp e-eececlalalampmpmpsiss a wwaw s dddefffined as occccururrriiingngng bbbyyy ththhe 344th cccomomompleeeteeed wweeeek ooof 

prprpregegegnananancncncy anananddd lalalatetete ooonsnsnsetetet wasasas dddefefefinininededed aaasss ocococcuccurrrrrrinininggg afafafteteterrr thththeee 343434thth cccomomomplplpletetetededed weeeeeekkk.99 PPrPree ixixisttstiining 
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each gestational week and dividing the difference by the standard deviation of the mean. 

Glycosuria was defined as one or more readings of >2 (13.9 mmol/L or 250 mg/100 mL) on a 

urine dipstick.4  This measure was used as a surrogate indicator for gestational diabetes since 

prenatal care standards during CHDS pregnancies did not include the routine oral glucose 

tolerance screening procedures that are now common practice for gestational diabetes.  

Hemoglobin change over the gestation was calculated as the difference between 3rd trimester and 

2nd trimester hemoglobin adjusted for the days between the measures ([3rd trimester hemoglobin 

– 2nd trimester hemoglobin]/[gestational days between measures]). Hemoglobin change ranged 

from positive to negative values, with negative values representing women who had declines in 

hemoglobin over the 2nd and 3rd trimesters. Women who had the greatest absolute decline in 

hemoglobin, corresponding to the lowest decile of the change score, were coded as ‘1’ on a 

measure of hemoglobin decline, while all other women were coded as ‘0’. Hemorrhage was 

defined as bleeding late in pregnancy from a normally situated uterus; or, during labor and 

delivery. Irregular menstruation was used as a surrogate to examine CVD risk associated with 

polycystic ovarian syndrome (PCOS).33 It was defined as self-report or physician report of 

irregular menstrual cycles, self or physician report of long cycles (>35 days); or physician coded 

oligomenorrhea, anovulatory cycles, or irregular menses. 

Covariates

Covariates were derived from information given during pregnancy interview and from medical 

records. Race was categorized as Caucasian, African-American, Hispanic, Asian, or other. 

Dichotomous variables were created to represent African Americans, Hispanics, Asians and 

others, relative to Caucasians. Age was based on reported age at the observed pregnancy. Parity 

reflects number of previous liveborn births prior to the observed pregnancy. Cigarette smoking 

hemoglobin over the 2nd and 3rd trimesters. Women who had the greatest absoluteee dddecececlililinenene iiin n n 

hemoglobin, corresponding to the lowest decile of the change score, were coded as ‘1’ on a 

measassururure ee ofofof hehehemoooglglglobin decline, while all other wowowommmen were coded as ‘0‘0‘0’.’’  Hemorrhage was 

ddedefififined as bleedddiniingg lalalatetete iiinn n prprpregegegnanaancncncy y frff oom aaa nnnormamaally sisisitututuataa edee uuuteteerururus;s;; ooor, durururinining lalalabobob r rr ananand d d 

deeelill vevevery. Irrereregggullal rr r meeenssstruaaatioonon wwwasaa uuuseeed aaas aaa suurroogaaateee to o o exxxamamaminnne e CVVVDD riririskkk assococociateeddd wittth 

popopolyllycyccystststicicic ooovaavariririananan sssynnyndrdrdromomomeee (P(P(PCOCOCOS)S)S).3333 IIIttt waawasss dededefififineneneddd asasas ssselelelfff-rererepopoporrrttt ororor ppphyhhysisisiciciciananan rrrepepeporororttt ofofof 
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identifies women who smoked during pregnancy and was based on report at observed pregnancy. 

Overweight was defined as having a body mass index (BMI) of 25 kg/m2 or more at the observed 

pregnancy. BMI was calculated from weight (kg) divided by height (m) squared, measured or 

reported at interview or first prenatal visit. Weight was adjusted to compensate for variation in 

the timing of measurement by regressing weight on gestational age using the locally weighted 

scatterplot smoothing technique.40 Adjusted weight was then imputed as the fitted mean weight 

at day 104 of gestation (median value for day of interview) plus the residual from the regression 

procedure. This adjustment removes differences in weight due to variation in the timing of the 

measurement during pregnancy. Measured weight at interview was used in preference over self-

reported pre-pregnancy weight since the latter was only collected after 20% of interviews had 

already been completed. Adjustment using measured weight avoids sample attrition, preserves 

statistical power and produced results similar to those for adjustment using pre-pregnancy weight 

(data not shown). Pregnancy weight gain was calculated using measured weight abstracted 

during prenatal care records over the course of pregnancy. This variable was not an independent 

predictor nor did it confound the associations of focus. 

Statistical Methods 

Hazard ratios were calculated using competing risks Cox proportional hazards models to 

estimate associations for CVD death and account for the possible influence of risk from all other 

causes of death. Age at death or follow-up was used as the censoring variable for these models. It 

was calculated using mother’s age at observed pregnancy and her survival time over the follow-

up period. Survival time was calculated by subtracting the year of death or censorship (based on 

vital status and residence history) from the year of delivery of the observed pregnancy.  

Covariate-adjusted models were constructed using covariates that were either 

eported pre-pregnancy weight since the latter was only collected after 20% of intntterererviviviewewewsss hahahad d d

already been completed. Adjustment using measured weight avoids sample attrition, preserves

tatisisstititicacacal l l popopoweww r r anannd produced results similar to thththooose for adjustment uusisisinnng pre-pregnancy weigh

dddattta not shown)n)n). PPrregegegnananancncncy y y weweweigigighththt ggaiaa nn wawaas calccuulatededed usisisinnng mmmeaaasusurerered weigigighththt aaabsbsbstrtt acacacteteed d d 

duuuririringngng prenanaatatatal ccac rrer  recececords oovevever thhheee ccouuru seee of f prp egegegnaancncncy.yy TTThhhis ss vavavarir ababa leee wwasss nnnoto  annn iinindeepppendeennt 

prprpredededicicictototorrr nononorrr didididdd ititit ccconononfofofounnunddd thththeee asasassososociciciatatatioioionsnsns ooofff fofofocuccusss. 
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independently significant and/or confounders that altered the magnitude of the associations for 

pregnancy complications by 10% or more after mutual adjustment. Separate models were used to 

estimate each association to avoid potential collinearity among pregnancy complications. Risks 

for co-occurring complications were estimated using a model that included mutually exclusive 

dummy variables to represent combinations of the paired events. For example, to estimate the 

risk of gestational hypertension and preterm delivery, three dummy variables were included to 

represent the following non-overlapping scenarios: 1) gestational hypertension alone, 2) preterm 

delivery alone, and 3) co-occurring gestational hypertension and preterm delivery.  

The proportional hazards assumption was tested by including an interaction term for each 

pregnancy complication and age at follow-up. Contrasts for significant interaction terms were 

run at 5-year age intervals over the follow-up period to identify the age when risk becomes 

statistically null and to estimate subgroup effects. All pregnancy complications were tested for 

interaction with race, coded as African American versus all other, and race-specific associations 

were examined in models stratified by race. All analyses were performed using SAS 9.3. 

Analysis sample 

Most mothers, 74%, had only a single observed study pregnancy during the CHDS data 

collection (1959-1967). To avoid dependent observations for the 26% who had more than one 

observed CHDS pregnancy, we randomly selected only one pregnancy per woman for analysis.  

Pregnancies missing parity or terminating in multiple births, abortion, and fetal death before 20 

weeks’ gestation were excluded from analysis because these pregnancies were too short to 

observe most of the predictors of interest in this study. Since gestations longer than 20 weeks 

were required to define and observe most complications, pregnancies ending before 20 weeks 

were excluded because we were either unable to classify pregnancy complications for them or 

pregnancy complication and age at follow-up. Contrasts for significant interaction n n tetetermrmrms s s wewewererere 

un at 5-year age intervals over the follow-up period to identify the age when risk becomes

tatisisstititicacacalllllly y y nunn ll aaandnn  to estimate subgroup effectstss.. AlAA l pregnancy complililicccations were tested for 

nnnteeeraction wiithhh rrraace,ee cccodododededed aaasss AfAfAfriiicacc nnn AmAmeeericcan veeersuuus s  lalall ll oootheheh r,rrffff aaandndnd rrracce-spspspeececififificicic aassssssococociaiaiatititiononons 

weweereee examiinenened innin modddeele s strrratititifif eddd bbby y raaace.. AAAll ananaalysssesss weweerree ppeeerffformrmr edeed usisisingngng SASASAS 9.33.

AnAnAnalalalyssysisisis sssamamamplplpleee 
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were concerned about misclassifying them. In addition, 96 mothers with heart disease at baseline 

were excluded. This resulted in an analysis sample that included 14,062 women (Supplemental

Figure 1) who were racially diverse (67% Caucasian, 23% African-American, 3% Hispanic, 4% 

Asian, 3% Other) and largely multiparous (66%), with a median age of 26 years at first study 

pregnancy and a median follow-up age of 66 years, ranging up to 95 years. Supplemental Table 

1 provides baseline characteristics for mothers in the analysis sample and demonstrates the 

comparability of analysis sample mothers with all CHDS mothers. We observed 368 CVD deaths 

with a median age at death of 66 years. Information on hemoglobin was available for only a 

subset of the analysis sample, N=7,317. Sensitivity analyses for all but one complication could 

be examined in the analysis sample compared to the reduced sample with available hemoglobin 

data.  Associations were comparable in both samples. Glycosuria could not be examined in the 

smaller sample due to low prevalence.  

Results

Gestational hypertension was the most commonly observed pregnancy complication, followed 

by preterm and SGA delivery, then hemoglobin decline, late-onset pre-eclampsia and pre-

existing hypertension (Figure 1). Glycosuria and early-onset pre-eclampsia were least common 

and each occurred at a much lower frequency than other events. Supplemental Table 2 provides 

the number of CVD deaths, person-years of observation and age-adjusted rates for each 

pregnancy complication. 

We found significant interactions between age at follow-up and early-onset pre-eclampsia 

(p<0.05), between age at follow-up and preterm delivery (p<0.01) and between age at follow-up 

and SGA delivery (p=0.01). All terms were negative indicating declining CVD risk with age, 

be examined in the analysis sample compared to the reduced sample with availabbblelele hhhemememogogoglololobibibin 

data.  Associations were comparable in both samples. Glycosuria could not be examined in the 

malallleleler r r sasasampmpmple dddueuee to low prevalence.  

ReReResuuults

GeGeGestststatatatioioionananalll hyhhypepepertrtrtenenensisisiononon wasasas ttthehehe mmmosososttt cococommmmmmonononlylly ooobsbsbserererveeveddd prprpregegegnananancncncy cococompmpmplililicacacatititiononon, fofofollllllowoowededed 
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however the magnitude of the interaction term for early-onset pre-eclampsia ( =-0.07, p-

value<0.01) was nearly double that for preterm delivery ( =-0.04, p-value<0.01) and SGA 

delivery ( =-0.04, p-value=0.01).  

We examined interactions between race (dichotomized as African America versus all 

other) and all pregnancy complications. Only the interaction between race and gestational 

hypertension was significant (p=0.04). The risk of CVD estimated for gestational hypertension 

among African Americans was 1.7 (95% CI=1.1, 2.7) compared to 0.92 (95% CI=0.6, 1.4) 

among non-African Americans. Thus gestational hypertension was a significant marker of CVD 

risk only for African Americans. 

Table 1 provides modeled CVD associations for each pregnancy complication and the 

effects of adjustment. For complications with significant age dependence, early-onset pre-

eclampsia, preterm delivery and SGA delivery, CVD associations are estimated at age 60 years. 

This age was chosen because it reflected the latest age in the follow-up period when all three 

complications were still significant predictors. The first column shows unadjusted associations. 

The second column gives associations adjusted for age, race, parity, BMI and cigarette smoking 

at the observed pregnancy. Estimated CVD associations for pregnancy complications are 

significant and persistent even after adjustment for potential confounders.  

Although maternal education (less than high school degree, (HR=1.6; 95% CI=1.2, 2.2)) 

and occupation (as a laborer, (HR=1.5; 95% CI=1.1, 2.2)) were independently associated with 

increased CVD risk these socio-economic indicators did not explain associations between CVD 

and pregnancy complications.  

Hemorrhage occurred in just over 3% and irregular menses in 13% of mothers. Neither 

was associated with CVD death, although we previously reported an association between 

Table 1 provides modeled CVD associations for each pregnancy compliccatatatioioion n n ananand d d thththe

effects of adjustment. For complications with significant age dependence, early-onset pre-

eclalalampmpmp iisia,aa ppprrretermrmrm delivery and SGA delivery, CVCVCVDDD associationsss are eeestststiiimated at age 60 years.

TThT iisis age was chohoosen bebebeccacaususeee ititit refefeflelelectedeed theee laaatestt aaage iinnn thhhe follllowww-up p periiododod whehehen nn alall l thhhrree e

compmpmplililicacacatititiononons wwewererere stititillll ssignininififificacacantntnt ppreeedidiictctctororors. ThThThe fiff rssst cococolululumnmnmn ssshohohowsww   unnnadadjujujustststededed aaassssoccociaaationonns...  

The second column gives associations adjusted for age, race, parity, BMI and cigarette smoking
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irregular menses and coronary heart disease, a more restrictive subset of CVD.33 There was 

evidence that hemorrhage accompanied by preterm delivery in the 35th-36th weeks of gestation 

was associated with a significantly increased CVD risk (HR=3.9; 95% CI=1.6, 9.6). And 

although CVD risk for preterm delivery alone was elevated both before (HR=1.8; CI=1.2, 2.8) 

and after 35 weeks (HR=1.6; CI=1.0, 2.5), there was no evidence of increased risk for the co-

occurrence of hemorrhage with preterm delivery before 35 weeks.  

Overall, 64% of mothers had no complications (9,059), 31% had a single event (4,293) 

and 5% had two or more (710). Thus, most pregnancy complications occurred as single events 

unaccompanied by any other (Figure 2). Eighty percent of women with gestational hypertension, 

the most common complication, had no other event.  All other complications occurred as single 

events at least half the time, except early-onset pre-eclampsia which occurred most frequently in 

combination with others (67% of occurrences). The type and frequency of combinations of 

pregnancy complications observed among CHDS mothers are presented in Figure 2.  

The CVD risk associated with the most common combinations of pregnancy 

complications is shown in Table 2. These combinations were associated with a statistically 

significant almost 3-fold or greater risk of CVD. In particular combinations that included pre-

existing hypertension and another pregnancy complication were associated with a 4 to 7-fold 

increase in risk. Pre-eclampsia in combination with SGA delivery also showed evidence of 

higher risk.  

Women with the greatest hemoglobin decline during pregnancy experienced nearly a 2-

fold increased risk of CVD (Table 1). Patterns of hemoglobin by trimester for these high risk 

women were clearly distinct from other women (Figures 3a and 3b).  Women at higher risk had 

on average both higher levels of hemoglobin early in the second trimester and lower levels in the 

he most common complication, had no other event.  All other complications occcurururrerered d d asasas sssinininglglgle 

events at least half the time, except early-onset pre-eclampsia which occurred most frequently in 

combmbbinininatatatioioionnn wiw ththh ooothers (67% of occurrences). TTThehehe type and frequencyy y ofoo  combinations of 

pppregggnancy compmpmplliccaatititionononsss obobobseseservrvrvededed aaammmonnng CHCHCHDS mmmotheheherrrs aaarerere pprerr sesesentntntededed iin FiFiFigugugurerere 222.  

The CVCC DD D rrir sk assss ociaiaiateteed d wiwiwithtt ttthhehe mmmososst coommmmononon comomombibiinanaatiiiononns ofoof prereegngngnancycycy 

cococompmpmplililicacacatititionononsss isisis ssshohohownnwn iiinnn TaTaTablblbleee 222. ThThTheseseseee cococombmbmbinininatatatioioionsnsns wererereee asasassososociciciatatatededed wititithhh aaa stststatatatisisistititicacacalllllly 
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third trimester. Hemoglobin decline remained a significant predictor of CVD death after 

adjustment for early high hemoglobin levels (Table 3, Model #3).   

 

Discussion

We examined a constellation of pregnancy complications including pre-eclampsia, pre-existing 

and gestational hypertension, SGA and pre-term delivery; and, glycosuria and hemoglobin 

decline during pregnancy. Over a third of CHDS mothers experienced one or more of these 

events during their pregnancy and the risk of having any one of these complications ranged from 

a 1.6-fold to a 4-fold increased risk of subsequent CVD death.  

In the absence of other complications, pre-eclampsia, and in particular early-onset pre-

eclampsia, pre-existing hypertension and the presence of glycosuria were the strongest predictors 

of CVD death.  Pre-term and SGA delivery and hemoglobin decline in the absence of other 

complications were more modest, but significant predictors of CVD death. These findings lend 

substantive and corroborative evidence to previous reports3-8, 10, 12, 14-20, 22, 24, 26, 29 and are 

consistent with the concept that an extreme response to the challenges of pregnancy expose or 

initiate an underlying vulnerability to CVD.  

Pregnant women undergo dramatic changes in cardiovascular function including 

increased blood volume and cardiac output.41 They develop hyperlidemia,2, 41 experience blood 

pressure change (decline then increase),2, 32, 41 accumulate visceral fat42 and become insulin 

resistant.43 Thus adaptations in normal pregnancy mimic components of metabolic syndrome.44 

Pro-inflammatory responses occur over the course of pregnancy, both at the site of implantation, 

and in the periphery.45 Many have posited that this multi-system assault acts as a “stress test” for 

identifying women who are at higher risk of cardiovascular disease later in life.1, 27, 46  Our 

In the absence of other complications, pre-eclampsia, and in particular earrrlylyly-o-o-onsnsnsetetet ppprerere--

eclampsia, pre-existing hypertension and the presence of glycosuria were the strongest predictors

of CCVDVDVD dddeaeaeaththth. PPPreree-term and SGA delivery and hehehemmmoglobin decline in thththe absence of other 

ccocommpm lications wwwerre mmmorrreee momomodedede tstst, , bububuttt siss ggnifififici aant prprredicicictototorsrss ooof CVCVCVDDD dededeatata hh. TTTheheheseee fffininindidiinngn sss lelelendndnd 

uuubsbsbstatat ntive ananand cococorrobbbooro ativvve ee eevevidddenenenceee ttto o prprprevvviouus repppoororts3-8,, 10, 1112, 14-20, 222, 24,,, 2666, 2, 9 andndnd aree 

cococonsnsnsisisistetetentntnt wititithhh thththeee cococoncncncepepepttt thththatatat aaannn exeextrtrtremememeee rererespspsponononsesese tttooo thththeee chchchalalallelelengngngeseses ofofof ppprereregngngnananancyccy eeexppxposososeee ororor 
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findings support this hypothesis. 

Early-onset pre-eclampsia was not only one of the strongest predictors of CVD death but 

also showed evidence of age-dependence. The impact of early-onset pre-eclampsia appeared 

relatively swiftly, associated with very high CVD mortality by age 60. Other very-high risk 

groups identified by multiple complications were: pre-existing hypertension combined with 

preterm or SGA delivery; pre-existing hypertension combined with pre-eclampsia; gestational 

hypertension combined with preterm delivery; preterm delivery accompanied by hemorrhage; 

and pre-eclampsia combined with SGA delivery. Although this last combination may be a 

consequence of the severity of the pre-eclampsia, the combination of pre-eclampsia complicated 

by IUGR or preterm delivery has been observed by others to enhance CVD risk beyond that 

reported for pre-eclampsia alone.12, 47 

We observed a new marker of CVD risk – hemoglobin decline between the 2nd and 3rd 

trimesters of pregnancy. In general, CHDS mothers showed a steady decline in hemoglobin 

beginning in early pregnancy through the 32nd week of gestation. Between weeks 32 and 36 

hemoglobin increased, then declined again until the 38th week, after which it stabilized until 

delivery at levels just slightly below those observed in early pregnancy (Figure 3a). These are 

established pregnancy hemoglobin patterns and are due to the interplay between changes in 

blood plasma and red cell volume response during fetal growth and development.2 Early high 

hemoglobin is a marker of poor fetal growth, placental infarction and higher blood viscosity,48 

and was marginally associated with higher CVD death in CHDS mothers. Greater hemoglobin 

decline was also a significant risk factor for maternal CVD and may indicate a failure to produce 

red cells in sufficient volume to “catch up” to plasma volume increases, or could indicate a 

defect that results in late increases in blood volume. Thus, hemoglobin decline may be an early 

by IUGR or preterm delivery has been observed by others to enhance CVD risk bebebeyoyoyondndnd ttthahahat t t 

eported for pre-eclampsia alone.12, 47

WeWeWe ooobsbb errrveveved a new marker of CVD riskk ––– hhhemoglobin decline bebebetween the 2kk nd and 3rd

rrrimmmesters of prrregegegnnancncncy..y. IIInn n gegegeneneneraraal,ll CCCHDHDH SSS momomotheersss shhowowowededed aaa ssteteeadddyy dededeclline e e ininin hhhemememogogoglololobibibin nn

beeegigiginnnn ing innn eeearlylyly preegnnnancycyy ttthrhh ouuughgg ttthhehe 3222nddd weekkk offf gggestttatttionono . BeBeBetwtt eeeeen weweweekee s 323232 andd 336

hehehemomomoglglglobobobininin iiincncncrerereasasasededed, thththenenen dededeclclclinininededed aaagagagaininin untntntililil ttthehehe 333888thth weeeeeekkk, aaaftftftererer whihihichchch iiittt stststabababilililiziizededed untntntililil 
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indicator of the lack of an adaptive response that ultimately results in increased CVD in these 

women.  In contrast to our results for maternal CVD death,  Stephansson and colleagues reported 

that hemoglobin decline was not an independent risk factor for stillbirth after accounting for 

higher earlier hemoglobin,48 suggesting multiple pathways for the etiology of stillbirth and the 

etiology of maternal CVD. 

Figure 3a also shows that hemoglobin patterns were similar for both primiparas and 

mutliparas, although levels in multiparas didn’t peak as high by the 36th week and remained 

lower thereafter. This difference – higher levels for primiparas – was also observed for blood 

pressure change during pregnancy in the CHDS (Supplemental Figure 2) and supports the 

theory that pregnancy response is altered after first pregnancy. 

Our study has clear limitations. Covariate information measured at the observed 

pregnancy is used to represent lifetime exposure status. Completed parity and pregnancy 

complications that occurred in subsequent pregnancies are not captured. To the extent these 

exposures occur or change (e.g. smoking and weight) subsequent to study observation and over 

the life-span, baseline measures may miss-estimate the reported associations and not truly adjust 

out the contribution of covariates to risk of CVD. Previously, we reported CVD associations 

separately for primiparous and multiparous pregnancies9 and found comparable results in both 

groups suggesting that adjustment for completed parity would have little impact on results.  

Despite these limitations baseline characteristics predict risk; and, the associations observed for 

both pregnancy complications and covariates showed the expected direction and magnitude, 

lending reassurance about the observed effects.  

Glycosuria was used as a surrogate measure of gestational diabetes since oral glucose 

tolerance testing was not standard practice when CHDS mothers were pregnant. This measure 

heory that pregnancy response is altered after first pregnancy. 

Our study has clear limitations. Covariate information measured at the observed 

pregggnananancncncy y y isisis useeeddd tot  represent lifetime exposure e e stststataa us. Completed paririitytyty and pregnancy 

ccocommpm lications thththatt ooccccccurururrerereddd ininin sssubububsesesequuuent prprpreegegnancncciesss ararare nononot cacacaptptptururededed. TTo ttthehehe eextxtxtenenent t thththeseseseee 

exxxpopoposuss res ococccccur orrr chhaanngn e (e(ee.ggg. .. smmmokoo ininngg g annndd wwweighghght) ssuububseeequuuenenentt ttoto ssstuuudyyy obsbsbseree vatttiooon aanddd ovvverr 

hhheee lililifefefe ss-spapapannn, bbbasasaselelelininineee mememeasasasurrureseses mmmayaay mmmisisissss-esesestititimamamatetete ttthehehe rrrepepeporororteteteddd asasassososociciciatatatioioionsnsns aaandndnd nnnototot tttrurrulylly aaadjdjdjussusttt 
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likely captures more severe, uncontrolled gestational diabetes which is consistent with both the 

strength of the association we observed for CVD (>4-fold increase in risk) and with the lower 

prevalence of gestational diabetes observed in our cohort (0.5% compared to 2-5%49). We would 

expect lower prevalence of gestational diabetes among CHDS mothers because they are a 

“healthy” population with low levels of obesity (<5%) and low levels of pregnancy weight gain 

(median pregnancy weight gain was just under 20 lbs.)  Thus, our study cannot evaluate the 

effect of gestational diabetes mellitus, but does estimate the effect of a commonly available 

clinical marker, glycosuria in pregnancy. 

Despite the sizeable nature of the CHDS cohort, some combinations of pregnancy events 

were observed in small numbers and were therefore less reliable for estimating CVD risk as 

evidenced by broad confidence intervals. Still, findings support the conclusion that pregnancies 

complicated by multiple events identify women who are at heightened risk of subsequent CVD.  

As for any observational study we cannot rule out confounding of reported associations by 

unmeasured variables. While, the CHDS population is diverse (Supplemental Table 1), we 

cannot be certain that these findings apply to all women.  As for all observational studies, we 

cannot we rule out bias or uncontrolled confounding as a contribution to results. The outcome, 

CVD death rather than morbidity, poses both advantages and disadvantages. It is well-defined 

and likely captures the most severe disease, but prohibits the examination of the intermediary 

disease course.  

Study strengths include a sizeable sample and prospective observation of pregnancy 

events. The CHDS is one of few long-term prospective studies able to examine the effect of 

multiple pregnancy complications on subsequent maternal cardiovascular disease mortality, 

having captured clinical information on pregnancy events 50 years ago when mothers were in 

were observed in small numbers and were therefore less reliable for estimating CCVDVDVD rrrisissk k k asasas  

evidenced by broad confidence intervals. Still, findings support the conclusion that pregnancies

compmpmplililicacacateteteddd bybb mmmuluu tiple events identify women whwhwhoo are at heightened riririskss  of subsequent CVD.  

AAAs fffor any obsb ererervaatiionononalalal ssstututudydydy wweee ccacannnnnnoot ruluu ee e outt ccconfffouououndndndinining g ofofof rrrepepeporororteeed asasassososociciciatatatioioi nsnsns bbby y y 

unnnmememeasureddd vvvariai bblb es... WWhW illeee, ttthhhe CHCHCHDSDSDS ppopopopuuulatioonnn isss dddiiverererse (SuSuSupppppplemmmentnttalll Tabbblelele 1)),) wwwe

cacacannnnnnototot bbbeee cececertrtrtaiaiainnn thththatatat ttthehehesesese fffininindididingngngsss apapapplplply tototo aaallllll womomomenenen. AAAsss fofoforrr alalallll obobobseseservrrvatatatioioionananalll stststuddudieieiesss, weee 
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their childbearing years and who are now well into the age of disease risk. Associations were 

based on clinical measures and interview data collected during pregnancy and are not subject to 

recall bias years later at the time of the outcome. Associations we observed for CVD are not 

observed for cancer death or all other non-CVD death (data not shown) supporting our 

hypothesis that pregnancy responses are related specifically to CVD pathology.  

That combinations of risk factors carry higher risk than each individually (compare Table

1 and Table 2), suggests multiple disease pathways to CVD, or the possibility these 

combinations capture different aspects of a common etiology. This supports the hypothesis that 

pregnancy complications share pathophysiology, already programmed prior to the challenge of 

pregnancy, that ultimately lead to CVD.50  Our findings corroborate those of prior researchers 

showing associations between pregnancy complications and increased CVD risk and add to the 

literature by the consideration of multiple indicators of risk during pregnancy, including 

glycosuria and hemoglobin change. The underlying pathways that link pregnancy complications 

to CVD might provide clues about new early pregnancy biomarkers (e.g. markers of 

inflammatory and endocrine response) that identify women at risk for adverse pregnancy 

outcomes. Further research is required to investigate this possibility.   

In summary, we identified hemoglobin decline in pregnancy as a new predictor of CVD 

death and found particularly high risk for some pregnancy complications. The presence of pre-

existing hypertension coupled with pre-eclampsia, preterm birth, or SGA birth, strongly predict 

CVD death. Furthermore, we found that early-onset pre-eclampsia predicts death before age 60. 

Physicians should provide early, prompt surveillance and intervention for women with these 

high-risk pregnancy complications. 

 

pregnancy, that ultimately lead to CVD.50  Our findings corroborate those of prioorr r rereresesesearararchchchererersss

howing associations between pregnancy complications and increased CVD risk and add to the 

iteraraatututurerere bbby y y thtt e cococonsideration of multiple indicatatatoororsss of risk during pregngngnanaa cy, including 
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Table 1. Associations of pregnancy complications with CVD death. 

   Unadjusted Adjusted for Covariates* 
HR† 95% CI‡ HR 95% CI 

Associated  Lower Upper  Lower Upper 
 Early-onset pre-eclampsia§ 6.7 2.74 16.20 3.6 1.04 12.19 
 Pre-existing hypertension 4.6 3.32 6.41 3.5 2.35 5.07 
 Glycosuria 4.3 1.62 11.61 4.2 1.33 13.10 
 Late-onset pre-eclampsia 2.5 1.36 3.87 2.0 1.18 3.46 
 Preterm delivery§ 2.5 1.82 3.47 2.1 1.40 3.01 
 Hemoglobin decline  1.8 1.19 2.80 1.7 1.12 2.70 
 SGA delivery§# 1.8 1.24 2.55 1.6 1.02 2.42 
 Gestational hypertension**       
  African American 1.7 1.10 2.65 1.8 1.09 2.82 
  Non-African American 0.9 0.63 1.36 1.0 0.68 1.52 
Not Associated       
 Hemorrhage 1.4 0.91 2.30 1.4 0.85 2.42 
 Irregular menses/PCOS*** 1.0 0.76 1.41 1.1 0.80 1.51 
*Covariates include age, race, parity, BMI and cigarette smoking status at observed pregnancy.  Age is represented 
continuously. Parity is represented using two dummy variables for primiparas and multiparas with 3 or more prior 
live births versus else. BMI is dichotomized as >25kg/m2 versus else. Race is represented using two dummy 
variables for African-Americans  and Asians versus else. 
†HR=Hazard Ratio estimated using competing risks Cox proportional hazards models where two outcomes, CVD 
death and all other death are modeled. Associations for CVD death are tabled here.  
‡95% CI=95% Confidence Interval (Lower limit, Upper limit). 
§Due to interactions between early-onset pre-eclampsia and age at follow-up (p<0.05), between preterm delivery and 
age at follow-up (p<0.01) and between SGA delivery and age at follow-up (p=0.01) results are tabled for the CVD 
association estimated at age 60 years. This age was chosen because it reflected the  latest age in the follow-up period 
when all three complications were still significant predictors. 
#SGA=Small-for-gestational-age. 
Information on hemoglobin was available for only a subset of the sample, N=7,317. 

**Interaction for race by gestational hypertension was significant, p=0.04. 
***Irregular menses is a proxy for Polycystic Ovarian Syndrome  (PCOS).  We previously reported an association 
between irregular menses and coronary heart disease, a more restrictive subset of CVD.33  

Hemorrhage 1.4 0.91 2.30 1.4 0.8555 222.4.442 22
Irregular menses/PCOS*** 1.0 0.76 1.41 1.1 0.8000 111.5.5.5111

Covariates include age, race, parity, BMI and cigarette smoking status at observed pregnancy.  Age is represented 
ontinuously. Parity is represented using two dummy variables for primiparas and multiparas with 3 or more prior 
ive birthththsss vevev rssusuu  elssse.e.e. BMI is dichotomized as >25kg/m2 vvererersuss s else. Race is represennnteteted using two dummy 
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ddedeattthh and all other r dedd aath hh aararee momomodededeleleleddd. AAAsss ooociaaatioons ffforr r CVDD ddeatatthh are taaabblb eddd heeere. 
9599 %% % CI=95% Confffiddenceee Inntervaaal (((Lower limmmitt, Uppppeerer limmit))). 
DuDuDue e tott  interaccctititioons beetweeenn earlyyy-onononset prprpree-eeeclaaampppsssiaa a and aggge aatat fffollooow---uppp (((p<<<0.05))), bbetwwweeeen preteteterererm ddellliveryyy aand
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Table 2. Associations of paired pregnancy complications with CVD risk.
 

 95% CI* 
Combinations of pregnancy complications† HR‡ Lower Upper 
SGA§ + preterm delivery 2.6 1.06 6.20 
Gestational hypertension + hemoglobin decline 2.8 1.15 6.92 
Pre-eclampsia  + SGA# 3.7 1.12 12.10 
Preterm delivery (weeks 35-36) + hemorrhage 3.9 1.63 9.56 
SGA + pre-existing hypertension 4.8 1.78 12.91 
Gestational hypertension + preterm delivery# 5.0 2.64 9.60 
Pre-eclampsia  + pre-existing hypertension  5.6 2.09 15.18 
Preterm delivery + pre-existing hypertension 7.1 3.49 14.55 
*CI=95% Confidence Interval (Lower limit, Upper limit) 
†Risk was estimated for each combination of pregnancy complications separately using a competing risks 
proportional hazards model. In order to avoid collinearity between paired pregnancy events, mutually exclusive 
dummy variables were included in each model.  Using the first combination, SGA + preterm delivery as an example, 
three dummy variables were created to represent the following non-overlapping scenarios: 1) SGA only and not 
preterm delivery, 2) preterm delivery only and not SGA, and 3) SGA plus preterm delivery combined. The 
association for the co-occurrence of both events is tabled here. Models were adjusted for age, race and parity at 
study pregnancy.  Age is represented continuously. Parity is represented using two dummy variables for primiparas 
and multiparas with 3 or more prior live births versus else.  
‡HR=Hazard Ratio 
§SGA=small-for-gestational-age. 
Early and late-onset pre-eclampsia were combined to maximize power for investigating the risk of pre-eclampsia 

co-occurring with other pregnancy events. 
#Co-occurring events involving pre-eclampsia, and preterm and SGA delivery were tested for age-dependence. Only 
the co-occurrence of gestational hypertension with preterm delivery and of pre-eclampsia with SGA were 
significantly age-dependent (p=0.0119 and p=0.0018 respectively). The hazard ratios for these paired events are 
estimated at age 60 for co-occurring gestational hypertension with preterm delivery, and at age 55 for co-occurring 
pre-eclampsia with SGA delivery. 

preterm delivery, 2) preterm delivery only and not SGA, and 3) SGA plus preterm delivery combinededd.. The 
ssociation for the co-occurrence of both events is tabled here. Models were adjusted for age, raceee aaandndnd ppparararititity y y atatat 
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HR=Hazard Ratio 
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Table 3. CVD Associations for hemoglobin decline, high early hemoglobin and the effect of co-
adjustment 

   95% CI* 
Model† HR‡ Lower Upper 
Model #1    
 Hemoglobin decline§ only 1.8 1.14 2.71 
Model #2     
 High early hemoglobin only 1.4 1.00 1.90 
Model #3    
 Hemoglobin decline 1.6 1.04 2.54 
 High early hemoglobin 1.3 0.89 1.84 
*95% CI=95% Confidence Interval (Lower limit, Upper limit). 
†All models were adjusted for age, race and parity. Age is represented continuously. Parity is represented using two 
dummy variables for primiparas and multiparas with 3 or more prior live births versus else. Race is represented 
using two dummy variables for African-Americans and Asians versus else. 
‡HR=Hazard Ratio. 
§Hemoglobin decline is defined as the lowest decile of hemoglobin change between the 2nd and 3rd trimesters. 
High early hemoglobin is defined as the highest quartile based on the distribution of all first measures in the 2nd 

trimester.   

Figure Legends: 

Figure 1. Frequency and percent of pregnancy complications.  

Figure 2. Type and frequency of observed combinations of pregnancy complications. 

 

Figure 3. A. Mean hemoglobin levels for all women by week of gestation and parity. B. Mean 

hemoglobin levels for high risk women (greatest rate of hemoglobin decline) compared to all 

others by week of gestation. 

High early hemoglobin is defined as the highest quartile based on the distribution of all first measurururesee  in nn ththe e 2n2nd d
rimester.   

FiFiFiguuure Legenenends: 

Figuree 111. FFFrequency anddd percennttt of preggnnancncy complicatititions.  

http://circ.ahajournals.org/


Figure 1

http://circ.ahajournals.org/


Figure 2

http://circ.ahajournals.org/


Figure 3

http://circ.ahajournals.org/


SUPPLEMENTAL MATERIAL 

Supplemental Table 1. Selected baseline characteristics 
comparing all CHDS mothers to mothers in the analysis 
sample  

   

All CHDS 
Mothers 

 

Mothers in 
Analysis  

 

   
N=15,528 

 
N=14,062 

 
           
Characteristic at Baseline  N      %    N    %   

            Mother's Race/Ethnicity 
         

 
White 

 
10,194 

 
67.0 

 
9,334 

 
67.6 

 
 
African American 

 
3,591 

 
23.6 

 
3,190 

 
23.1 

 
 
Hispanic 

 
462 

 
3.0 

 
406 

 
2.9 

 
 
Asian 

 
550 

 
3.6 

 
491 

 
3.6 

 
 
Multi-racial/Other 

 
415 

 
2.7 

 
382 

 
2.8 

            Mother's Age (quartiles) 
         

 
<22 years 

 
4,019 

 
26.2 

 
3,678 

 
26.5 

 
 
23-26 years 

 
3,823 

 
24.9 

 
3,525 

 
25.4 

 
 
27-31 years 

 
3,667 

 
23.9 

 
3,322 

 
23.9 

 
 
30+ years  

 
3,833 

 
25.0 

 
3,382 

 
24.3 

            Mother's Parity 
         

 
Primiparous 

 
5,313 

 
33.9 

 
4,757 

 
33.8 

 
 
Multiparous 

 
10,176 

 
66.13 

 
9,305 

 
66.2 

            Marital Status 
         

 
Married 

 
11,600 

 
92.4 

 
10,717 

 
92.4 

 
 
Other 

 
959 

 
7.6 

 
876 

 
7.6 

            Mother's Education 
         

 
Less than High School 

 
2,276 

 
18.0 

 
2,128 

 
18.1 

 
 
High School/Trade School 

 
4,039 

 
31.9 

 
3,741 

 
31.9 

 
 
College  

 
6,347 

 
50.1 

 
5,867 

 
50.0 

            Mother's Employment 
         

 
Homemaker 

 
6,593 

 
54.7 

 
6,166 

 
55.0 

 
 
Professional/Managerial 

 
1,488 

 
12.4 

 
1,367 

 
12.2 

 
 
Secretarial/Clerical 

 
2,974 

 
24.7 

 
2,764 

 
24.6 

 
 
Laborer (Housework/Factory) 

 
929 

 
7.7 

 
855 

 
7.6 

 
 
Other 

 
67 

 
0.6 

 
64 

 
0.6 

            Maternal BMI† 
         

 
<25 kg/m2 

 
10,489 

 
79.2 

 
9,831 

 
79.3 

 

 
>25 kg/m2 

 
2,757 

 
20.8 

 
2,563 

 
20.7 

            Mother's Smoking  
         

 
Never 

 
5,664 

 
47.1 

 
5,300 

 
47.3 

 
 
Current 

 
4,293 

 
35.7 

 
3,965 

 
35.4 

 
 
Past 

 
2,078 

 
17.3 

 
1,943 

 
17.3 

            



Mother's Coffee Consumption (quartiles)* 
       

 
<1/2 cup per day 

 
2,451 

 
23.35 

 
2,319 

 
23.7 

 
 
1/2-1 cup per day 

 
2,244 

 
21.37 

 
2,101 

 
21.4 

 
 
2-3 cups per day 

 
2,783 

 
26.51 

 
2,604 

 
26.6 

 
 
4+ cups per day 

 
3,021 

 
28.77 

 
2,776 

 
28.3 

            Mother's Alcohol Consumption (quartiles)* 
      

 
<1 drink per week‡ 

 
4,653 

 
44.3 

 
4,358 

 
44.5 

 
 
1-2 drinks per week 

 
3,708 

 
35.3 

 
3,475 

 
35.4 

 
 
3+ drinks per week 

 
2,143 

 
20.4 

 
1,971 

 
20.1 

            Family Income (quartiles)*§ 
         

 
<$5,000 

 
2,358 

 
22.2 

 
2,196 

 
22.2 

 
 
$5,000-$6,999 

 
3,121 

 
29.4 

 
2,922 

 
29.5 

 
 
$7,000-$8,999 

 
2,332 

 
22.0 

 
2,181 

 
22.0 

 
 
>$9,000 

 
2,803 

 
26.4 

 
2,595 

 
26.2 

            Offspring Birthweight (quartiles)* 
        

 
<2,940 gms 

 
3,744 

 
25.6 

 
3,456 

 
24.8 

 
 
2,941-3276 gms 

 
3,807 

 
26.0 

 
3,633 

 
26.1 

 
 
3277-3584 gms 

 
3,371 

 
23.0 

 
3,248 

 
23.3 

 
 
>3585 gms 

 
3,781 

 
25.4 

 
3,580 

 
25.7 

            Offspring Gestational Age (quartiles)* 
       

 
<38 weeks 

 
4,514 

 
29.5 

 
3,593 

 
25.6 

 
 
39 weeks 

 
2,948 

 
19.2 

 
2,833 

 
20.2 

 
 
40 weeks 

 
3,362 

 
21.9 

 
3,260 

 
23.2 

 
 
>41 weeks 

 
4,505 

 
29.4 

 
4,376 

 
32.1 

                       

*Quartiles are based on the distribution of variables among all CHDS 
births. For birthweight and gestational age, quartile cutpoints were based 
on the distribution among liveborn births. 
†Maternal body mass index (BMI) was calculated from the earliest 
measured weight in kilograms divided by height in meters squared. 
Weight was adjusted to compensate for variation in the timing of 
measurement by regressing weight on gestational age using the locally 
weighted scatterplot smoothing technique.     
‡Due to clumping of data, quartiles 1 and 2 are combined. 
§Median family income in Oakland, California in 1959 was $6,303.00 
according to the 1960 Bay Area Census. 

  



Supplemental Table 2. Age-Adjusted Rates of CVD by Pregnancy Complication 

       

Study Variable  Cases  
Person-

years  

Incidence  
Rate per 
100,000  

95% 
Confidence 

Interval 
         

Preexisting Hypertension*         
Absent  327  444,147  72.4    64.7,   80.7    

Present   40    9,480  288.9  194.8, 408.1 
         

Gestational hypertension*          
Absent  311  397,158  76.5  68.2,   85.5 

Present    56     56,469  94.7  71.4, 123.1 
 

Glycosuria*         

Absent  355  443,006  78.0  70.1,   86.6 
Present      4  1,886  282.3  65.6, 746.8 

 
Preterm delivery*         

Absent  310  413,014  73.2  65.3,   81.9 
Present    57      40,613  137.6  103.5, 179.1 

         
Hemoglobin decline*          

Absent  135  220,791  59.7  50.1,   70.7 
Present    25    21,987  110.5  71.2, 163.6 

         
Small for Gestational Age*          

Absent  326  409,388  77.2  69.0,   86.0 
Present   39    40,511  96.6  68.6, 132.1 

         
Pre-eclamptic Pregnancy*         

Absent  342  441,134    75.6  67.8,   84.1 
Present    25    12,493  192.3  122.9, 286.0 

         
Gestational Timing of  

Pre-eclampsia*         

No Pre-eclampsia  342  441,134  75.6  67.8,   84.1 
Pre-eclampsia After 34 weeks    20    11,307  179.1  64.8, 466.0 

 Pre-eclampsia Before 34 weeks     5      1,186  199.7  108.3, 278.1 
         
*Variables were recorded as observed or not observed in the analysis pregnancy. Number of events may 
not sum to total due to missing data. 
 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All CHDS Women 
N=15,528

Women included 
in analysis 
N=14,062

Heart disease at baseline
N= 96

Missing parity 
N=117

Short-gestation pregnancies 
(< 20 weeks)

N=809

Multiple births
N= 190

Abortions
N= 18

Supplemental Figure 1. Consort Diagram of AnalysisSample



 

Supplemental Figure 2. Mean blood pressure levels by week 
of gestation and parity. 




